"One of the most popular applications to cite is an invisibility cloak. Obviously we haven't gotten there yet," she says, gesturing to her own visibility-"If I had an invisibility cloak I would be wearing it! Right now, a lot of the interest is in just understanding general principles of physics from colloids that could be used in material science, but there is a lot of potential for compelling applications."
Those applications include selfhealing, self-replicating, and self-assembling synthetics. Miranda is most compelled by selfassembly-i.e. the ability to spontaneously organize into a desired form, a property with game-changing possibilities in medicine and nanotechnology. A piece of the puzzle is designing a system architecture that would enable the property to emerge, and so the question is in part geometric.
A number of phenomena can be in part explained by the geometric arrangement of particles, including water freezing, gels forming, and glass melting. There are also geometric underpinnings to the ability of certain biological systems (such as proteins and viruses) to fold, replicate, and assemble themselves. The synthetics have to be designed so that the system starts at a higher energetic state than the desired result, and so that there aren't any traps that would make the system assemble in a different way while en route. To get around this, Miranda used the sticky sphere limit, which simplifies the landscape by shrinking the range of interaction between particles down to exactly zero. She offers the analogy of two tennis balls stuck together with velcro. Unlike a pair of magnets, which will interact over a wider distance, two tennis balls Velcro-ed together only interact so long as they are exactly stuck together.
"What happens in the sticky limit is that the basic shape of the energy landscape is determined by the shape of the particles, and all the other parameters (interaction potential, temperature, etc, which are usually not known very accurately for colloidal systems) collapse into just one or two parameters. Therefore, you can change interaction potentials but the basic shape of the landscape doesn't change, so once you calculate the complicated geometrical properties of it, you can use them to understand the system over a wide range of conditions."
Geometric foundations of self-assembly with Miranda Holmes-Cerfon

FACULTY RESEARCH by April Bacon
Miranda Holmes-Cerfon has built computational and theoretical tools that hold promise for synthetic self-assembly and broaden our knowledge and means of investigating complex colloidal systems. truly random bits appears to be much more useful than a million-bit source with 100 bits of entropy "scattered" throughout otherwise predictable bits. This background process should "work like a sponge," says Yevgeniy, looking for entropy everywhere and absorbing it like water. Like a sponge, the generator will "mix up" the entropy that it takes in, without necessarily knowing how much it has or where it might be located.
This rapid entropy accumulation safeguards the RNG in face of a computer reboot or potential state compromise-without it, the foreground process of pseudo-randomness generation will lack enough initial entropy and will provably fail.
Yevgeniy was the first to formalize the process of entropy accumulation, which is at the heart of all existing RNG designs.
Formerly, "random number generators inside computers were all ad hoc," he explains. RNGS are "complex and hard to understand; as such, they're hard to attack. And because they're hard to attack, the theory behind them was lacking. I Yevgeniy's dissertation shows that an attacker can uncover quite a bit about the actual secret without the application being compromised, by carefully extracting a shorter, "virtual secret"
inside the actual secret. This virtual secret will be perfectly secure, even if the actual secret is partially compromised.
"A lot of things you can do in cryptography are seemingly impossible," says Yevgeniy. "I can prove to you that a statement is true without telling you anything else about the statement, beyond its validity. You're convinced, have no doubts, but you don't know why. This is zeroknowledge. I can do electronic currency-I can
give you a string of bits which is money. You can see that it is money and, somehow, can spend it only once. These things are counterintuitivethey are like puzzles."
"Cryptography is really all about puzzles, and I love puzzles," he says.
Yevgeniy's first experience with cryptography was as a graduate student at M.I.T., in a class with Shafi Goldwasser. had a very sophisticated scientific and cultural perspective on the world and he shared his ideas, insights and knowledge generously with his friends and students."
As a dedicated mentor, David gave his students "excellent projects, […] guided them until they finished successfully, helped them secure good jobs afterwards, followed their careers, and gave them invaluable advice," says Gregor.
As an individual, he was a "kind, engaging person," says Mike. He was an independent thinker and inviting conversationalist.
Whenever David was seen the hallways of Warren Weaver Hall, he was seen smiling. 
THE GENEROSITY OF FRIENDS
Contributions to the Courant Institute support our academic mission
Polychromatic Choreography
By Dennis Shasha, Professor of Computer Science
A certain modern dance choreographer has her dancers wear k different-colored leotards. For example, when k is 2, half the dancers wear red and the other half wear blue. In general, there are k colors with n dancers wearing each color. The basic algorithmic problem she has to solve is how to instruct her dancers to move in synchrony from some given configuration to a configuration in which the dancers form disjoint vertical or horizontal line segments, with each line segment consisting of one dancer from each of the k colors in any order-a "perfect lineup." A movement of one dancer consists of a horizontal or vertical step.
Solution to Warm-Up and then moving vertically
Warm-Up. Consider the following configuration of six dancers on a grid, where three wear blue leotards and three wear red leotards. Can you achieve a perfect lineup in just two synchronized moves?
Challenge. Starting with two red and two blue dancers, now add two green dancers. We want to create two disjoint segments, each with a red, blue, and green dancer in any order, constituting the perfect lineup in this case. Note the blues and reds are two spaces apart. Where should the two greens start in order to create a perfect lineup in two steps? Show those two steps.
Solution
Here are the two steps Upstart 1. Given an initial configurations of k colors, each with an equal number n of dancers of each color on a grid, design an algorithm that uses as few steps as possible to achieve a perfect lineup.
Upstart 2. Given k colors and n dancers of each color and a board of size BxB, find a maximally hard configuration of the dancers; a configuration c is maximally hard if c requires m parallel steps to achieve a perfect lineup and no other configuration requires more than m steps to achieve a perfect lineup.
Upstart 3. Given a maximally hard configuration with cost m, is there any way to add a k+1st color of n dancers to reduce the number of steps required to achieve a perfect lineup? Send us news of career achievements, moves, and meet-ups with Courant alums at alumni.relations@cims. nyu.edu.
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The Physics of Blowing Bubbles A team of researchers with Courant's Applied Math Lab, including Professors Leif Ristroph and Michael Shelley, have uncovered the physics and mathematics of blowing bubbles. The experiments used a wand that suspends an oil film in flowing water (see photo) as a stand-in for soap films in air. "We can now say exactly what wind speed is needed to push out the film and cause it to form a bubble, and how this speed depends on parameters like the size of the wand," says Leif, as reported in an article in Ars Technica. And in another article in Popular Science, he says, "Films as materials behave strangely as you push on them with a flow […] As you increase the flow speed, the film does not deform much at all until just before it's ready to bubble or pop, then it deforms all at once." The work was inspired by Richard Courant's famous 1950s "soap bubble experiments," and the new results could have implications for the industrial production of many consumer products. Read more about the work in NYU's news release at https://bit.ly/2NorQUg.
Correction
Our last issue incorrectly referred to Cathleen Morawetz as the first female recipient of the National Medal of Science. She was, in fact, the first female mathematician to receive the National Medal of Science.
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